The predictions for the mass of the light CP-even Higgs are investigated in the context of a simple extension of the Minimal Supersymmetric Standard Model where the baryon and lepton numbers are local gauge symmetries. This theory predicts the existence of light charged and neutral leptons which give extra contributions to the Higgs mass at the one-loop level. We show the possibility to satisfy the LEP2 bound and achieve a Higgs mass around 125 GeV in a supersymmetric spectrum with light sfermions and small left-right mixing in the stop sector. We make a brief discussion of the unique leptonic signals at the Large Hadron Collider. This theory predicts baryon number violation at the low scale and one could avoid the current LHC bounds on the supersymmetric mass spectrum.
The predictions for the mass of the light CP-even Higgs are investigated in the context of a simple extension of the Minimal Supersymmetric Standard Model where the baryon and lepton numbers are local gauge symmetries. This theory predicts the existence of light charged and neutral leptons which give extra contributions to the Higgs mass at the one-loop level. We show the possibility to satisfy the LEP2 bound and achieve a Higgs mass around 125 GeV in a supersymmetric spectrum with light sfermions and small left-right mixing in the stop sector. We make a brief discussion of the unique leptonic signals at the Large Hadron Collider. This theory predicts baryon number violation at the low scale and one could avoid the current LHC bounds on the supersymmetric mass spectrum.
I. INTRODUCTION
In the LHC Era there is hope to discover or rule out the existence of a light Higgs boson responsible for the spontaneous breaking of the electroweak symmetry in the Standard Model of Particle Physics. Recently, the ATLAS and CMS collaborations have discussed possible evidences of a Higgs boson with mass around 125 GeV [1, 2] . If these results are confirmed one should understand the possibility to predict the properties of the Higgs in different theories in order to explain the experimental results.
Supersymmetry (SUSY) is one of the most appealing ideas for physics beyond the Standard Model which provides the possibility to understand why the Higgs boson is light. In the context of the Minimal Supersymmetric Standard Model (MSSM) the Higgs mass is predicted at tree level, M tree h = M Z | cos 2β|, but at one-loop level the prediction depends mainly on the masses and couplings between the Higgs and the third generation of fermions and sfermions. For excellent reviews on Higgs phenomenology in SUSY see Refs. [3, 4] and [5] . It is well-known that in order to satisfy the LEP2 bound, M h > 114. 4 GeV [6] , the masses of the stops have to be large and/or one must assume a very large left-right mixing in the stop sector. The situation is worse if one thinks about the possibility to obtain a Higgs mass around 125 GeV, as it has been discussed by the ATLAS and CMS collaborations [1, 2] . Therefore, if one hopes to discover SUSY it is important to understand the scenarios where we can satisfy the collider bounds on the Higgs mass without assuming a very heavy supersymmetric spectrum. The new results from AT-LAS and CMS have motivated several studies in the context of low-energy supersymmetry [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
In this letter we investigate the possible predictions for the light CP-even Higgs mass and the constraints coming from the ATLAS and CMS results in the context of a simple extension of the MSSM, where the baryon and lepton numbers are local gauge symmetries spontaneously broken at the TeV scale. We refer to this theory as the "BLMSSM" [25] . In this theoretical framework we can understand the absence of the dangerous dimension four and five baryon number violating operators [26] present in the MSSM. One uses a fourth generation that is vector-like with respect to the strong, weak and electromagnetic interactions to cancel anomalies and there is no need for large Yukawa couplings to be consistent with the experimental limits on fourth generation quark masses. Therefore, the model is free of coupling constants with Landau poles near the weak scale. Furthermore, there is a natural suppression of flavour violation in the quark and leptonic sectors since the gauge symmetries and particle content forbid tree level flavor changing neutral currents involving the quarks or charged leptons.
We find that the existence of new charged and neutral leptons provides the possibility to satisfy the LEP2 bound and achieve a Higgs mass around 125 GeV without assuming a very heavy spectrum for the supersymmetric particles even in the case where the left-right mixing in the stop sector is very small. In this case one has new one-loop leptonic contributions for the Higgs mass which allows to increase the mass with light stops and we find an upper bound on the ratio between the vacuum expectation values of the MSSM Higgses. We discuss the possible implications of these results for the experimental test of supersymmetry and the unique leptonic signals at the LHC.
The letter is organized as follows: In the first section we discuss the main features of the BLMSSM, while in the second section we investigate the predictions for the Higgs mass and the impact of the new one-loop corrections. Finally, we summarize the new results.
II. THEORETICAL FRAMEWORK
Recently, we have proposed a simple supersymmetric model where the baryon number (B) and lepton number (L) are local gauge symmetries [25] . This model is based on the gauge symmetry 
in the quark sector and
in the leptonic sector. Here B i and L i stand for baryon and lepton number for a given field, respectively. The full superpotential of the model is given by
where
is the MSSM superpotential and
is the needed superpotential to give masses to the new quarks in the theory. Notice that we have neglected the interactions of the new quarks with the MSSM Higgses since their contributions to the quark masses is not very relevant. In general the Yukawa couplings between the new quarks and the MSSM Higgses can be large and modify the Higgs mass at one-loop level 1 . Notice that these couplings can have a large impact on the production cross section, gg → h, and it is can be difficult to satisfy the experimental bounds. In this letter, we will stick to the most conservative scenario where these quark Yukawa couplings are small and the Higgs mass can be modified only by the Yukawa couplings of the new leptons which have to be large in order to satisfy the collider bounds.
The MSSM Higgs superfields are denoted byĤ u ∼ (1, 2, 1/2, 0, 0) andĤ d ∼ (1, 2, −1/2, 0, 0), while the new 
Higgs chiral superfields,Ŝ B ∼ (1, 1, 0, 1, 0) andŜ B ∼ (1, 1, 0, −1, 0), generate mass for the new leptophobic gauge boson, Z B , and for the new heavy quarks. In the leptonic sector one has the following interactions 
and
Using the above equations and imposing the perturbative condition for the Yukawa coupling, Y 2 e4 /4π ≤ 1, one finds an upper bound on tan β:
when M e4 ≥ 100 GeV. This bound on tan β will be crucial to understand the numerical results for the Higgs mass in the next section because the upper bound on tan β gives us the largest contribution to the Higgs mass at tree level.
In order to complete our discussion we list the new superpotential in the Higgs sector:
Now, we could ask the following question: What is the role of the new fermions beyond the anomaly cancellation? If one takes a look at Eq. (10) we can realize that the new charged and neutral leptons can modify the predictions for the Higgs masses at one-loop level. As we will show in the next section, their contributions are crucial to have light stops and sbottoms in the supersymmetric spectrum. B and L Symmetry Breaking: As we have mentioned the symmetries U (1) B and U (1) L are broken at the TeV scale since the masses of the new neutral gauge bosons are related to the SUSY breaking mass scale. In order to show this we give the dependence of the new gauge boson masses on the parameters in the model:
Note that without the soft SUSY breaking mass terms one does not get a positive value of m
) which implies that the lepton (baryon) number symmetry breaking scale is of order the SUSY breaking scale.
It is important to mention that in order to break U (1) L one does not need to introduce the superfieldsŜ L andŜ L since one could assume that the right-handed sneutrinos can get a VEV. For the realization of this idea see for example [29, 30] . The only problem here is that one could have fast contributions to proton decay [26] if the cutoff of the theory is not very large. Using the equation below, Eq. (14), and the lepton number violating interactions one gets contributions to nucleon decay. This scenario will be investigated in a future publication.
Higher-dimensional Operators and Baryon Number Violation: For any values of the baryonic charges of the new fermions which satisfy the anomaly conditions the HiggsesŜ B andŜ B have charges 1 and −1, respectively. Then, one can write the following dimension five operator which gives rise to baryon number violation
After U (1) B breaking at the TeV scale one has the λ MSSM interactions,û cdcdc , which violate baryon number. As it is well-known, these interactions render the lightest neutralino unstable. For example, the photino can decay to a quark and a virtual anti squark that then decays into two quarks. Of course if λ is too small and/or Λ is too large this decay will be not occur inside an LHC detector. These interactions can change the current LHC bounds on the supersymmetric particles since all constraints on channels with missing energy can be avoided. One interesting scenario is the case where the stop is the LSP and can decay into two jets.
It is important to mention that there is no mixing between the SM fermions and the new fermions from renormalizable operators in the model. However, at the dimension five level we could write the following interactions which allow the lightest new quark to decay
These interactions require B u c 4 = 5/3. In this case the new quarks can decay and we can avoid a possible issue with Big Bang Nucleosyntesis.
III. THE LIGHT CP-EVEN HIGGS MASS
In order to set our notation we define the neutral Higgses as
Using this notation and working in the basis (h d , h u ) the mass matrix for the MSSM neutral CP-even Higgs is given by
with
where M A is the pseudo-scalar Higgs mass and tan β = v u /v d . In the simplest case when we neglect the left-right mixing in the sfermion sectors, X i = 0, the one-loop radiative corrections read as
In our notation Mb i and Mt i are the mass for the sbottoms and stops, respectively. We use the same notation for the sfermions in the charged lepton sector. Notice the presence of the last terms in the above equations due to new Yukawa couplings between the MSSM Higgses and new charged and neutral leptons. In the above matrix we have neglected the contributions proportional to the left-right mixings in the top and bottom sectors in order to illustrate the impact of the new contributions. For more general expressions see for example [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . In our numerical results we will take into account the left-right mixing and we use the most general expressions at one-loop level.
In order to set our notation we define the mass matrix for the sfermions as
where I 
Notice that the contributions from the U (1) B and U (1) L Dterms to the sfermion masses can be absorbed in the soft masses. Here we stick to this possibility for simplicity. Now, it is easy to realize that the existence of new leptons in the theory will help to increase the mass for the light Higgs in the model and allows for a light stop and sbottom in the spectrum. We have investigated this issue in detail and show our main results.
• Minimal Mixing Scenario: X i = 0
In Fig.1 we show the predictions for the mass of the lightest CP-even Higgs for different values of tan β assuming a simple scenario where all soft sfermion masses are taken equal to 500 GeV and we have neglected the left-right mixings in the stop, sbottom and heavy new slepton sectors. In blue we show the results in the context of the MSSM, while the line in black shows the predictions in the BLMSSM. One can appreciate that it is possible to increase the mass of the Higgs in more than 10 GeV in the majority fraction of the parameter space. Therefore, we can say that it is possible to satisfy easily the LEP2 bound, M h > 114. 4 GeV, and achieve a mass around 125 GeV due to the extra contributions. There results are relevant if one thinks about the possibility to discover a light SUSY spectrum where all squarks of the third generation are light enough to be discovered at the LHC and the possibility to explain the existence of a light Higgs boson without having a lot of fine-tuning.
In order to understand the possibility to have a Higgs mass around 125 GeV in this model, we show in Fig.2 the allowed values for the masses of the new leptons using the same input parameters as in Fig.1 . Here tan β changes between 4 and 7 and it is important to appreciate that the new leptons can be light with masses approximately between 150 GeV and 180 GeV. In this way we show the possibility to have a consistent scenario in agreement with all constraints without assuming very heavy stops and sbottoms.
Finally, we compute the Higgs mass changing the values of the lepton masses, M e5 , and M ν4 , between 100 GeV and 180 GeV. The numerical results are shown in Fig. 3 . One can appreciate that the Higgs mass can be as large as 127 GeV and one can have several solutions where the Higgs mass is the range 124 ± 3 GeV. It is important to mention that the fourth generation neutrino in general could mix with the SM neutrinos and we can avoid a stable charged lepton even in the case when M ν4 > M e4 .
• 'Natural' Mixing Scenario:
Let us investigate the possible predictions when one takes into account the left-right mixing in the stop and sbottom sector. In this case we choose X t = X b = M SUSY and neglect the left-right mixing in the new leptonic sector. In Fig.4 we show the results of the Higgs mass changing tan β and assuming very light leptons, M e5 = M ν4 = 140 GeV. As in the previous scenario, the blue line corresponds to the results in the MSSM and the black line shows the predictions in the BLMSSM. Again, one can show that it is possible to get a Higgs mass around 125 GeV with very light leptons when the left-right mixing in the stop sector is small. Here we chose X t = M SUSY , since one could expect that all SUSY breaking terms are of the same size. Notice that the case of gauge mediation is different since the trilinear terms are typically very small. In order to complete our discussion we show in Fig.5 the allowed values for the new charged and neutral leptons when the Higgs mass is 125 GeV. In this plot tan β changes between 3 and 6. It is obvious that in this scenario the new leptons could be very light and we can expect the possible discovery at the LHC. In summary, one can say that in this scenario the new leptons can be lighter since the left-right mixing in the stop sector is not very small. These results are very important if one wants to understand the possible evolution of the gauge and Yukawa couplings up to the high scale close to the unification scale.
As in the previous scenario, in Fig.6 we show the values for the Higgs mass when the lepton masses change between 100 GeV and 170 GeV. In this way we can see that the Higgs mass can be much larger, and the upper bound in this case is around 130 GeV. Notice that there are many solutions in the range 125 ± 4 GeV.
• Non-zero left-right sleptonic mixing Now, let us investigate the predictions for the Higgs mass where one takes into account the left-right mixing in the heavy sleptonic sector. In order to illustrate the numerical solutions we choose X t = X b = X lept = M SUSY . In Fig. 7 we show the results for the Higgs mass for different values of tanβ where the mass of the leptons is 130 GeV and a negative value for the µ parameter. In this way we can achieve a Higgs mass around 125 GeV for the region when tan β is between 4 and 5. In Fig. 8 the Higgs mass when all lepton masses change between 100 GeV and 170 GeV. In this case the Higgs mass can be much larger in the region where tan β changes between 2 and 7. The upper bound on the Higgs mass in this case is around 140 GeV without assuming very heavy squarks.
These results tell us that due to the existence of the new light charged and neutral leptons, which are needed to cancel the leptonic anomalies, the Higgs mass can be much larger than in the MSSM and one can satisfy the experimental bounds without assuming very heavy stops and sbottoms. It is important to mention that in our previous paper [25] we have investigated the constraints coming from the electroweak precision constraints, the S, T and U parameters, and we have showed that the new leptons can be light in agreement with the experimental constraints.
Heavy Leptons at the LHC. It is important to understand how to test the existence of the leptons predicted by the theory. The bounds on the heavy lepton mass are basically, M > 100 GeV, see for example [42] . In our case the bounds should be different because the heavy Dirac neutrinos are stable and the charged leptons do not decay into the SM leptons. As we have mentioned, the new Dirac neutrinos are stable since the extra generation of leptons never mix with the SM leptons. Therefore, one expects different channels with missing energy. Here we list three different channels:
• Four jets and Missing Energy: The charged leptons, e 4 , can be produced in pair through the photon, the Z or the Higgs boson. Then, one can have the channels
• Two Jets plus Missing Energy: One can have the associated production of a charged lepton and neutrino through the W gauge boson
• Channels with Missing Energy: One can produce the heavy stable neutrinos through the Z or h boson
In this case one should use initial state radiation (ISR), a photon or a jet, in order to look for these events with missing energy.
Notice one can get the same signals for the leptons of the other generation. The cross sections above are much smaller than the cross section for squarks production, but one should be able to use the searches for multijets and missing energy to set bounds on the heavy lepton masses. A detailed analysis of these channels is beyond the scope of this letter. For a study of the possible signals of heavy leptons in SUSY models with fourth generations see Ref. [43] .
It is important to mention that the existence of light charged leptons and the selectrons affect the predictions for the Higgs decays, h → γγ [44] , and h → Zγ. It is not difficult to show that the branching ratio for the Higgs into gamma gamma decay is not very different from the prediction in the Standard Model. This issue will be investigated in a future publication.
IV. SUMMARY AND OUTLOOK
We have studied the predictions for the mass of the light neutral CP-even Higgs in the context of a simple extension of the Minimal Supersymmetric Standard Model where the baryon and lepton numbers are local gauge symmetries. We refer to this theory as the BLMSSM. This theory predicts the existence of light charged and neutral leptons which give extra contributions to the Higgs mass at the one-loop level. One finds an upper bound on tan β coming from the perturbativity condition on the Yukawa couplings for the heavy leptons. We have shown the possibility to satisfy the LEP2 bound and/or achieve a Higgs mass around 125 GeV in a supersymmetric spectrum with light sfermions and small left-mixing in the stop sector. These results are in agreement with the electroweak precision constraints and collider experiments. This theory predicts baryon number violation at the low scale and one can avoid the current LHC bounds on the supersymmetric mass spectrum based on the searches for channels with multijets and missing energy.
The light charged leptons and their superpartners affect the predictions for the Higgs decays into two photons and a Z and a photon. One should investigate these decays in great detail in order to make possible predictions for the LHC experiments. In this letter we did not investigate the behavior of the Yukawa couplings at the high scale, but since we are interested in the scenarios where there is not a Landau pole at the low scale we have shown our numerical results assuming very light charged leptons. These aspects of the theory will be investigated in a future publication. In this work we did not stick to any specific SUSY breaking scenario, such as MSUGRA, this analysis is beyond the scope of this letter.
